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AMPT JFTCATTON OF NUCLETC ACIDS 

The present invention relates to the amplification of nucleic , acids, i.e. 
procedures for producing copies of nucleic acid sequences. 

As used herein the term ''nucleic acid" includes protein nucleic acid (PNA) (i.e. 
nucleic acids in which the bases are linked by a polypeptide backbone) as well as the 
naturally occurring nucleic acids (e.g. DNA and RNA), or analogues thereof, having a 
sugar phosphate backbone. 

Various nucleic acid amplification techniques are already known, e.g. the 
Polymerase Chain Reaction (PCR). However many of these techniques (including 
PCR) suffer from the disadvantage that various cycles of heating and cooling are 
required for each amplification reaction. Thus, in a typical amplification reaction, the 
sequence (in single stranded form) to be amplified is treated with an oligonucleotide 
capable of hybridising to the sequence at a particular location thereof, the treatment 
being effected at a temperature (and under other conditions, e.g. buffers etc.) at which 
the hybridisation will occur. In the next step (which may or may not be effected at the 
same temperature) a polymerase enzyme is used to extend the oligonucleotide primers 
(using the original sequence as a template) to produce a strand which is 
complementary to the original strand and which is hybridised thereto. Subsequently 
the reaction mixture must be heated to denature the complementary strands and then 
cooled so that the above described procedure (i.e. primer hybridisation, extension, 
denaturing) may be repeated. A particular amplification reaction may require many 
repeats of the cycle before a sufficient quantity of the nucleic acid is generated (e.g. 
for the purposes of a diagnostic test or for research purposes). The need to 
"temperature cycle" the reaction many times is a considerable disadvantage. 
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Several alternative amplification strategies are known which can be performed 
at a single temperature. Examples of such isothermal technologies include Strand 
Displacement Amplication (SDA),(G. T. Walker; US Patent No. 5455166). 

SDA takes advantage of the ability of certain restriction enzymes to cleave 
hemi-modified restriction sites only on the un-modified DNA strand. By using non- 
modified primers containing such a restriction site, and including modified dNTP 
analogues, it is possible to introduce single strand nicks into the primer when it is 
rendered double stranded by DNA which has been synthesised to include modified 
nucleotides. The introduction of this nick allows a strand displacing polymerase to 
extend the sequence upstream of the nick by displacing downstream sequences into 
solution where they are picked up by primers directed to the other end of the strand to 
be amplified. The process is rapid and can be performed at a single temperature. 
However, SDA requires specialised primers, which are not wholly specific to the 
natural target DNA sequence to which they are directed. This arises from the need to 
introduce into the sequence to be amplified restriction sites at the ends of the molectde 
for the reaction to occur. Furthermore, a degree of manipulation is required to initiate 
the amplification reaction. Fox instance, a second set of primers are required to 
displace .the extended first copies into solution so that the second amplification primer 
can act upon the single strand, displaced, extension product 

Another isothermal amplification method known in the art is Exonuclease 
Mediated Strand Displacement Amplification (G. T. Walker, EP-A-0 500 224). This 
technique takes advantage of the ability of thiol-substituted nucleotide analogues to 
protect downstream sequences from digestion by a 5 double strand specific 
exonuclease. In this method unmodified primers are used together with a 5 double 
strand specific exonuclease, a strand displacing DNA polymerase and an excess of 
deoxynucleosidetriphosphates, at least one of which is substituted to provide 
resistance to exonuclease activity. The method as described, however, will not provide 
for exponential amplification as the loss of unmodified primer sequences (by 
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exonuclease activity) precludes the copying of those same sequences, to allow 
hybridisation at the complementary sequence, later in the reaction 

In another amplification method (P. Cleuziat, WO-A-97/04126) chimeric 
RNAYDNA primers are used, together with shorter DNA primers, a strand displacing 
polymerase, an excess of deoxynucleosidetriphosphates and RNAase H. Binding of 
the chimeric primer to its target generates a short, double-stranded, DNA/RNA hybrid 
from which the RNA portion is cleaved by the action of KNAse HL This reveals a site" 
for the shorter DNA primer which hybridises and is extended by the action of the 
DNA polymerase. A disadvantage of this system is the need for the RNA carrying 
primers. RNA is notoriously sensitive to degradation by ribonucleases which are 
abundant contaminants of many environments, and, extensive . decontamination 
procedures must be observed to limit this effect during RNA manipulations. Also, the 
amplification must be performed in the abiding presence of non-target sequences, 
present in the sample, which are known to contribute to anomalous results during 
other amplification reactions, such as PCR. 

It is an object of the present invention to provide an amplification method which 
may be effected under isothermal conditions, if required, and can amplify the natural 
sequence entirely, if required. 

According to the present invention there is provided a method of amplifying 
complementary first and second nucleic acid sequences each of which has a binding 
region at its 3' end, the method comprising treating the separated single stranded 
sequences with 

(a) first and second primers each capable of hybridising to the 3-binding regions 
of the first and second strands respectively and each including remote from its 5'-end a 
digestion resistant region which, with the primer hybridised to the complementary 3 - 
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binding region, allows only partial digestion of the primer by the enzyme (d) having 
5-double strand specific exonuclease activity, 

(b) third and fourth primers each having a degree of sequence homology with the 
partially digestible regions of the first and second primers respectively whereby the 
third and fourth primers are capable of hybridising to the 3'-binding regions of the, 
first and second strands respectively, 

(c) an enzyme having strand displacing polymerase activity, 

(d) an enzyme having 5' double stranded specific exonuclease activity, said 
enzyme (d) possibly being provided by enzyme (c) in the case where the latter also 
has the required exonuclease activity, and 

(e) the four nucleotides, 

under conditions permitting hybridisation, exonuclease digestion and . strand 
displacement polymerisation thereby producing an amplified amount of the* first and 
second strands. 

As used herein, the term 5 '-double stranded specific exonuclease activity 
means that the principal exonuclease activity is double stranded activity whilst not 
precluding the possibility of a degree of single stranded activity. The term 5 -double 
stranded specific exonuclease is to be interpreted accordingly. 

The present invention thus provides a method for amplification of a nucleic 
acid molecule. The complementary sequences on which the reaction is effected may 
be generated (e.g. in situ in the reaction) from a single stranded molecule by methods 
well known in the art. 
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The method may be effected under conditions such that all of reactants (a)-(e) 
are simultaneously present in a reaction mixture or under conditions in which the 
reagents are used sequentially as appropriate. 

The method utilises a 5' double stranded specific exonuclease, i.e. an 
exonuclease which will digest the strands of a double stranded* molecule from the 5' 
ends thereof. The method also requires the use of an enzyme having strand displacing 
polymerase activity. The method of the invention may be performed with two 
enzymes, one being a 5' double stranded specific exonuclease and the other being a 
strand displacing polymerase. It is however also possible to use a single enzyme 
having both of these activities. 

The invention further utilises the first and second primers each of which 
incorporates a region (e.g. provided by modified nucleotides, see .below) resistant to 
digestion by the 5' double stranded specific exonuclease. It should however be 
understood that the terms "first" and "second" primers are. used in an explanatory 
sense to identify primers which hybridise to the 3' binding regions of the first and 
second strands respectively. The terms do not necessarily imply that the primers are 
different since it is possible to envisage embodiments of the invention in which the 3' 
binding regions of the first and second strands have sufficient sequence identity for 
the "first" and "second" primers to be one and the same. 

The method further utilises the third and fourth primers which need not 
incorporate modified nucleotides and which have a degree of sequence homology with 
the partially digestible regions of the first and second primers. In certain 
embodiments of the invention, the "third*' and "fourth" primers may bis identical to 
each other. 



A further description as to the "mechanism" by which the amplification occurs 
is given below with reference to the drawings. 
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The digestion resistant regions of the first and second primers may comprise at 
least one modified nucleotide resistant to digestion by the 5' double stranded specific 
exonuclease. It "is a requirement that the digestion resistant region is not wholly 
digested by the 5* double stranded specific exonuclease. This may be achieved by 
appropriate selection of the type and number of modified nucleotides provided in 
digestion resistant region. It will generally be preferred that the region incorporate 
several (e.g. at least 4) modified nucleotides to ensure that the region is not totally 
digested- The modified nucleotides may for example be thiolated or botonaled 
nucleotides or indeed be ribonucleotides. It is preferred that the first and second 
primers include at least one (e.g. at least four and preferably six) internal 
phosphorothioate linkages. 

It is preferred that each of the first and second primers has 30 to 60 bases and 
that the third and fourth primers have about half the number (e.g. 12 to 30) of bases as 
the first and second primers. Each of the third and fourth primers will for preference 
be of a sequence corresponding to those regions of the first and second primers 
respectively which are 5 1 to the 5' end of the digestion resistant regions thereof. 
However we do not preclude the possibility of the 3' ends of the third and fourth 
primers incorporating bases corresponding to some of the modified nucleotides 
provided at the 5* ends of the digestion resistant region (of the first and second 
primers) to the extent that these modified nucleotides are likely to be digested during 
partial digestion of the region. 

It is particularly preferred that the polymerase which is used is one which has 
activity at the same temperature as that at which the 5" specific double strand specific 
exonuclease has activity whereby the reaction may be effected isothermally. For 
preference this temperature is 37°C. 
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The 5' double strand specific exonuclease may for example be T7 gene 6 
exonuclease. 

The strand displacing polymerase may for example be at least one of 9°N 
polymerase, Klcnow (exo") polymerase, Bst polymerase, Vent (exo") polymerase, 
Deep Vent (exo ) polymerase or Bca (exo") polymerase. 

The nucleotides as identified above as (d) of the reaction mixture may be 
dATP, dCTP, dGTP and dTTP. It is however possible for at least a portion of at least 
one of these nucleotides to be replaced by a substituted nucleotide whereby a strand 
(generated during the reaction) incorporating the modified nucleotide is resistant to 
digestion by the 5' double strand specific exonuclease. 

It is an advantage of the invention that the reaction may be effected without 
pre-manipulation (e.g. restriction digestion) of the target to be amplified, such 
manipulations complicating other methods known in the art. It is further advantage 
that non-amplifiable sequences, which might otherwise adversely affect the reaction 
(e.g. non-target nucleic acid, non-protected primer dimers), are degraded during the 
amplification process. 

The invention will be further described by way of example only with reference 
to the accompanying drawings, in which: 

Fig, I schematically illustrates a DNA molecule for amplification in accordance 
with the method of the invention; 

Fig. 2 schematically illustrates four oligonucleotide sequences (primers) for use 
in forming an amplified product from the molecule shown in Fig. 1 ; 

Fig. 3 schematically illustrates one embodiment of the method of the invention; 

Fig. 4 schematically illustrates a second embodiment of the method of the 
invention; and 
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Figs. 5-6 illustrate the results of the examples. 

In the following description, sequences which are complementary to each other 
are denoted by the same letters (or sequence of letters) but with one of the two 
complementary sequences additionally being denoted by the "prime"' suffix O- Thus 
X' is the complementary sequence to X. 

Fig. 1 illustrates a double stranded molecule incorporating a sequence'X and its 
complement X 1 to be amplified by the method of the invention. 

For convenience in the following description, the sequence X is shown as 
having a 3' binding region denoted by D'C. Furthermore, sequence X 1 is shown as 
having a 3' binding region B'A' (adopting the convention that a segment of the- nucleic 
acid molecule is annotated from the 5* end of the molecule). Binding sequences D'C' 
and B'A' may for example each comprise 30-60 bases of which sequences A and C 
may each provide about half of the number of these bases. Thus for example 
sequences A and C may each provide 12-30 bases 

Referring now to Fig. 2, there is illustrated therein four primers which are to be 
used in the method to be described more fully below with reference to Fig. 3. More 
particularly, the primers shown in Fig. 2 comprise first and second primers AB and 
CD respectively (also designated herein as "long" primers) together with third and 
fourth primers A and C respectively (also designated herein as "short" primers). 

The first primer AB is capable of hybridising to the 3' binding region B'A' 
associated with sequence X' to be amplified. Similarly the second primer CD is 
capable of hybridising to the 3' binding region D'C of the sequence X to be amplified. 
As such, each of primers AB and CD may comprise 30 to 60 bases. Furthermore 
primer AB incorporates a digestion resistant region (denoted by the thickened line) 
which is comprised of at least one and preferably a plurality of modified nucleotides* 
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so as to be resistant to digestion by a 5' double strand specific exonuclease used in the 
reaction described more fully below and which is located between sequences A and B. 
Similarly the primer CD also includes a digestion resistant region between sequences 
CandD. 

The third and fourth primers each comprise sequences A and C respectively and 
do not incorporate modified nucleotides. 

Reference is now made to the reaction depicted in Fig. 3 which takes place in 
the presence of the strands to be amplified, nucleotides, a strand displacing 
polymerase, a 5' double strand specific exonuclease and appropriate buffers. 

For simplicity, Fig. 3 does not show any hybridisation/extension . reactions 
which would result in production of a double stranded nucleic molecule not 
incorporating a digestion resistant region since such double stranded molecules would 
be digested by the 5* double strand specific exonuclease and not contribute to the 
overall result of the reaction. 

To effect the reaction shown in Fig. 3, the double stranded target molecule 
shown in Fig. 1 is manipulated, by methods known in the art, so as to be in single 
stranded form as depicted in Fig. 3 a. In this form, the first primer AB hybridises to 
the binding region B'A' and primer CD hybridises to binding region D'C. Extension 
of primers AB and CD by the polymerase generates the two partial double stranded 
products illustrated in Fig. 3b. The double stranded molecules are the converted to the 
products of step (d) by one of two mechanisms. 

In one mechanism the double stranded regions of the products serve as 
substrate for the 5 double strand specific exonuclease which removes those regions 
not protected by upstream (5 ) digestion resistant region, generating the single strand 
products shown in Fig.3.c. 
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These single strand products (incorporating a digestion resistant region) 
produced by step (c) act as sites for hybridisation of the opposite long primer to that 
used in their creation (Fig.3 .d.). 

The other, and possibly more likely, mechanism is similar to that shown below 
with reference to steps (g) and (h). More particularly, the 5 -ends of the extension 
products the long primers AB and CD are digested by the exonuclease to reveal sites 
to which the appropriate short primers A and C may bind. These short primers then 
undergo strand displacing polymerisation resulting in the production of single 
stranded molecules to which the long primers AB and CD as appropriate may bind 
(i.e. resulting in the products of step (d)). 

The hybridised long primers in the products of step (d) are extended by the 
above polymerase to generate the two partially double stranded products shown in 
Fig.3.e. In these products the only region that is susceptible to attack by exonuclease 
are the unprotected 5 regions of the extended Long Primers. These regions are, thus; 
removed by action of the exonuclease to generate the products seen in Fig.3.f. 

The single strand 3 overhanging regions created by the action of the 
exonuclease contain hybridisation sites for the short primers. Fig* 3-g. illustrates the 
hybridisation of Short Primers at these sites. The Short Primers are so positioned as to 
allow their extension by a 'strand displacing' DNA polymerase with the concurrent 
displacement of the downstream target copy into solution, as shown in Fig.3.h. The 
extended strand produced by strand displacing polymerisation of the Short Primer is 
not protected by nucleotide modification and will be degraded by the action of 
exonuclease to leave a single stranded product to which the appropriate Long Primer 
can adhere. Simultaneously, the displaced single strands contain, at their 3 ends, sites 
for hybridisation of the 3 ends of yet further Long Primers. 
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The four molecules, which result from strand displacing polymerisation, 
exonuclease degradation of susceptible double stranded regions, and hybridisation of 
suitable primers, is shown in Fig. 3.i.. Two of these molecules, those produced- by 
exonuclease degradation of the unprotected Short Primer extension products, are 
functionally identical to those generated in Fig.3.d. and, in suitable reaction 
conditions, will continue to cycle through the steps described between Fig,3.d. and 
Fig.3.i with the production of the two extra products seen in Pig. 3.L, at each cycle, 
and will not be considered further in the description. The two * extra' products shown 
in Fig.3.i, are further processed, firstly, by the action of DNA polymerase, which will 
generate double stranded molecules. The long Primers from which polymerisation 
occurred are partially susceptible to exonuclease degradation once they are rendered 
double stranded. The results of extension and exonuclease digestion of the susceptible 
regions are shown in Fig.3.j. As before, the digestion of the Long Primer by 
exonuclease reveals a site at which the short Primer will hybridise, generating the 
molecules seen in Fig.3.k.. Strand Displacing Polymerisation of the Short. Primers 
(Fig. 3.L), followed by exonuclease digestion of the extended strand, will again 
generate four molecules to which the Long Primer can hybridise, as shown in Fig.3.m. 

The first and fourth products shown in Fig.3.m. are functionally identical to 
the products shown in Fig.3.i. and, in the continuance of suitable reaction conditions, 
will cycle through the steps described between Fig.3.L and Fig.3.m. with the 
production of the two extra products seen in Fig. 3.m., at each cycle, and will not be 
considered further in the description. 

The second and third products shown in Fig.3.m. are similar to those shown in 
Fig.3.d. except the molecule to which the long Primer is hybridised is bounded, at 
both ends, within the region to be amplified. Extension of the Long Primer by 
polymerase and exonuclease digestion of the susceptible region double strand 
produced generates the products shown in Fig.3,n„ which are functionally identical to 
those shown in Fig.3.j:, and, in the continuance of suitable reaction conditions, will 
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cycle through the steps described between Fig.3.j. and Fig.3.n, with the production of 
the two extra products seen in Fig. 3.m., at each cycle, 

A number of modifications may be made to the process illustrated in Fig 3. 
For example, the 5 digestible regions of the first and second primers may be identical 
and such that they do not hybridise to the original target molecule (whereby the first 
and second primers only partially hybridise thereto). In this case, the first and second 
primers give rise to extension products having identical sequences of their 3 ends this 
permitting the third and fourth primers to be identical. There is the additional 
advantage that the use of a short sequence (in the first and second primer) for 
hybridising to the original target molecule provides for higher stringency. 

Alternatively or additionally the 5 -ends of the first and second primers may 
have a partial degree of resistance to digestion (whilst still leaving a "digestible" 
region of the primer) to slow down the rate at which the primer is digested in the 
event that the 5 -double strand specific exonuclease also has activity for digesting 
single strands. Clearly however this 5 -ends of these primers should not be totally 
resistant to digestion. The partial degree of resistance may be provided by one or 
more nucleotides. 

Figure 4_ illustrates a second embodiment of the method, which differs from 
the method outlined in Figure 3. by the inclusion in the reaction of modified 
nucleosides, which, upon incorporation into an extension product, provide some 
protection of downstream sequences from attack by double-strand specific 5 
exonuclease. 

Fig. 4_a. shows the target molecule of Fig.2. rendered single stranded, with the 
Long Primers of Fig. 1. hybridised thereto. Fig. 4.b. shows the product of DNA 
polymerase mediated extension from the hybridised primers, using the target molecule 
as template. The thickened lines in Fig. 4. Illustrate those region which contain 
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modified nucleotides and are, therefore, refractant to digestion by the double-strand 
specific 5 exonuclease. 

The next figure (Fig.4.c.) illustrates the products of exonuclease digestion of 
the extended products of Fig. 4.b.. Exonuclease digestion reveals sites, on the. newly 
synthesised strand, for the primers of the opposite pair to that used in its creation. Fig. 
4.d. illustrates the product of Long Primer hybridisation at these sites. 

Fig.4.e. illustrates the products of extension of the newly hybridised primers 
by the DNA polymerase using the synthesised target copy as template and 
incorporating nucleotides so modified as to render downstream (3 ) sequences 
resistant to exonuclease attack. 

* 

Fig. 4.f. illustrates the products of the action of double-strand specific 5 
exonuclease on the susceptible regions of the products shown in Fig, 4.e. Such action 
reveals hybridisation sites for the Short Primers of Fig. 1., and Fig. 4.g. shows the 
products of hybridisation of the short primers onto these. 

Fig. 4. h. illustrates the extension of the attached Short Primer sequences, 
using the target copy as template, by the 'strand displacing 9 polymerase,, with 
concomitant displacement of the downstream sequence into solution. The extending 
Short Primer incorporates the modified nucleotides such that the newly synthesised 
region is refractant to the action of double-strand specific 5 exonuclease. The 
products of the strand displacing polymerisation* are, therefore, resistant to 
exonuclease attack, except for the unprotected sequence of the Short Primer itself, 
which will therefore be removed. Removal of the Short Primer sequence will 
regenerate the site for Short Primer hybridisation. The second and third products of 
Fig. 4.i. illustrate the products of Short Primer hybridisation to these exposed 
sequences. It can be seen that these products are functionally identical to the products 
shown in Fig.4.g. and, in the continuance of suitable reaction conditions, will cycle 
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through the steps described between Fig.4.g. and Fig.4.i. with the production of the 
two extra products seen in Fig. 4.i., at each cycle. These products will not, therefore, 
be considered further in the description. 

The first and fourth products shown in Fig.4.L illustrate the single stranded 
displacement products of Fig. 4.h. with, hybridised at their 3 ends, the 3 ends of 
Long Primer sequences. Extension from these sequences, incorporating * modified' 
nucleotides, and exonuclease digestion of vulnerable regions of the double stranded 
products of such extension, will yield the products shown in Fig. 4.j.. These products 
have short, single stranded, * regions at one end, which are complementary to, and 
hence hybridisation sites for, the Short Primers. 

Fig. 4 Jc. illustrates hybridisation of Short primers at their hybridisation sites. 

Fig. 4.1. illustrates strand displacing polymerisation of the hybridised Short 
Primer sequences, using the target copy as template, incorporating modified 
nucleotides to protect newly synthesised sequences from exonuclease digestion- 
Fig. 4.m. illustrates the products of the strand displacing polymerisation 
shown in Fig. 4.1. following exonuclease digestion of susceptible regions and 
hybridisation of primers at potential hybridisation sites. The displaced single strands 
(products one and four shown) contain sites for hybridisation of Long Primers and are 
then functionally identical to the products shown in Fig 4.i.. In the continuance of 
suitable reaction conditions, these products will cycle through the steps described, 
between Fig.4.L and Fig.4.m. with the production of the two extra products seen in 
Fig. 4.m., at each cycle. 

Likewise, the other two products in Fig. 4.m. (the second and third products), 
are functionally identical to the products shown in Fig. 4j. and, in suitable reaction 
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conditions, will continue to cycle through the steps described between Fig.4.j, and 
FigAm. with the production of the two extra products seen in Fig. 4.m., at each cycle. 

For reasons of simplicity the methods outlined have been described in terms of 
discrete steps- involving the actions of the of the enzymes involved funning to 
completion before the next step in the process begins. While, in certain circumstances, 
this may be possible, by manipulation of conditions during the reaction such that only 
one or other of the enzymes involved is active at any given point in the reaction, in the 
preferred embodiment of the reaction it is envisaged that the reaction will occur in 
conditions which promote the simultaneous action of all components of the reaction. 

It should be further noted that, in a number of the schematic steps, when 
hybridisation sites are produced, since Long and Short primers share sequence 
homology, either may come to occupy those sites and, furthermore, may not be able to 
take part in the reaction as described. In these cases processes other than those 
explicitly described may occur. These might include; 

a) Short Primer occupying the hybridisation sites outlined in Fig3.a. d. L (the 
second and third products) and m. (the second and third products). In these cases, the 
likely outcome is a fatuous extension of the primer, using the target copy as template, 
to give an unprotected extension copy, which will be removed, by the action of the 
exonuclease, to reveal the hybridisation site once more, 

b) Short Primer occupying the hybridisation sites outlined in Fig. 4. a. and d.. 
In these cases the likely outcome is extension of the primer, using the target copy as 
template, and incorporating modified nucleotides such that the newly synthesised 
material is protected from digestion by the exonuclease. This product, differs from the 
products described in the relevant figures only in the extent of modification of the 
sequence 3 to the short primer, which the Long Primer would have occupied. This 
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should have little or no effect upon amplification and these products should become 
incorporated into the reaction in the same way as Long Primer products would. 

c) Long Primer occupying the hybridisation sites outlined in Fig 3. g, and k. 
and Fig 4. g. i. (the second and third products) k. and m. (the second and third 
products). In these cases, the most likely outcome is the digestion of the unprotected' 
5 region of the Long Primer, which will cause it to dissociate from the hybridisation 
site, revealing the site once more. 

While the above reactions may affect the efficiency of the amplification 
reaction, they do not alter the nature of the processes involved and will not be 
discussed further. 

For the reasons outlined above, the schematic diagrams in Fig. 3. and. Fig. 4. 
should be taken as indicative of the processes occurring, rather than an exact blueprint 
of the reaction. 

Additional modifications/additions to the method may be made using 
techniques known in the art. These may include; 

a) Using a non-natural target sequence such as a ligation product a wholly 
synthesised sequence, a closed circular target molecule etc. 

b) Using as a target RNA, either naturally derived or wholly, or partially, 
manufactured, which can be converted to a homologous or complementary DNA 
sequence by methods known in the art. 

c) Using Long Primers which share 5 sequence homology such that a single 
Short Primer could serve to generate product from each end of the target molecule 
during the amplification reaction. 
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d) Using target sequences or one, or more, primers which are coyalently, or 
non-covalently. attached to a solid phase. 

e) While the example reactions below are performed at 37°C using T7 gene 6 
exonuclease and the exonuclease deficient variant of the Klenow fragment of E. Coli 
DNA polymerase, there are polymerase enzymes known in the art which have higher 
temperature optima. In the presence of a thermophilic double strand specific 
exonuclease, the reaction should occur at elevated temperatures. 



The invention will be illustrated by the following non-limiting examples. 
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Example 1 

An amplification reaction was carried out, according to the procedure of Fig. 3 using 
the following primers, template, and reaction conditions. Two sets of primers were 
used. The first were primers EDAM1 and EDAM2 (a 37-mer and. a 38-mer) 
containing four internal phosphorothioate linkages in series. The second set were 
primers EDAD1 and EDAD2 (16-mers). Primer EDAD1 has a sequences identical to 
the first 16 bp of primer EDAM1 (reading from the 5' end) while primer EDAD2 is 
identical in sequence to the same region of primer EDAM2, as shown below; 

ED AMI 

5' TGG TGT GTG GAT CAA CGG CGC ACC CTA GAG GTC TTC A 3' 
EDAM2 

5' ACA TCA CCC ATG AAA CGC GCG GCA ATC GGT TTG TTG TA 3' 
(Italicised bases indicate the location of the phosphorothioate linkages.) 
EDAD1 

5' TGG TGT GTG GAT CAA C 3' 
EDAD2 

5' ACA TCA CCC ATG AAA C 3' 

Primers EDAM1 and EDAM2 were used to amplify a conserved 129bp region of the 
glycoprotein B gene of Human CMV by PCR. This was the template used for the 
following reaction of the invention. Due to the primers used, the PCR amplified 
fragment contained phosphorothioate linkages 21bp from the 5' terminus of both 
strands. 

CMV 129bp fragment sequence 

3' TGG TGT GTG GAT CAA CGG CGC ACC CTA GAG GTC TTC CAA GGA 
ACT CAG CAA GAT CAA CCC GTC AGC CAT TCT CTC GGC CAT TTA CAA 
CAA ACC GAT TGC CGC GCG TTT CAT GGG TGA TGT 5' 

The following reaction mixture was prepared in a 0.2 ml thin walled PCR tube, and 
after mixing, incubated at 37°C for 2 hours. lOul of lOx Klenow (exo*) reaction 
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buffer (500 mM Tris-HCl pH 7.5, lOOmM MgCl 2 , 10 mM DTT, 0.5 mg/ml BSA 
[Amersham]), 8^1 of lOmM dNTP's (Pharmacia), 150 pmoles each of primers EDA 
Ml and M2 and 120 pmoles each of primers EDA Dl and D2, 15 units of T7 gene 6 
exonuclease, 5 units of Klenow (exo') polymerase (Amersham), a total of 340finoles 
of template DNA, and ultrapure water to a final reaction volume of lOOpl. 16pi 
aliqouts were taken at the following intervals '0 time', 30, 60, 90, and 12Q minutes. 
These were mixed with an appropriate dilution of loading dye and stored at 4°C until 
ready for visualisation by electrophoresis on a 3% agarose gel containing ethidium 
bromide to a final concentration of 0.3(j,g/ml. 

The results are shown in Fig. 5 in which lanes 4-8 respectively illustrate the 
results obtained at "O time" 30, 60, 90 and 120 minutes, the production of amplified 
product is clearly shown in lanes 7 and 8. 

Example 2 

An amplification reaction was carried out using the following primers, template, and 
reaction conditions. Two sets of primers were used. The first were long primers EDA 
Ml and EDA M2 (a 37-mer and a 38-mer) containing four internal phosphorothioate 
linkages in series. The second set were the short displacement primers (16-mers) 
EDA Dl and EDA D2 whose sequences were identical to the first 16 bp of the long 
primers reading from the 5 end. 

EDA Ml 

5' TGG TGT GTG GAT CAA CGG CGC ACC CTA GAG GTC TTC A3' 
EDAM2 

5' ACA TCA CCC ATG AAA CGC GCG GCA ATC GGT TTG TTG TA 3' 

(Italiscised bases indicate the location of the phosphorothioate linkages.) 
EDAD1 

5' TGG TGT GTG GAT CAA C 3' 
EDAD2 
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5' ACA TCA CCC ATG AAA C 3' 

The short primers were used to amplify a conserved 129bp region of the glycoprotein 
B gene of Human CMV by PGR. This, was the template used in the following 
reaction. Due to the primers used, the PCR amplified fragment contained no 
phosphorothioate linkages or other means of protection, 



CMV 129bp fragment sequence 

3' TGG TGT GTG GAT CAA CGG CGC ACC CTA GAG GTC TTC CAA GGA 
ACT CAG CAA GAT CAA CCC GTC AGC CAT TCT CTC GGC CAT TTA CAA 
CAA ACC GAT TGC CGC GCG TTT CAT GGG TGA TGT 5' 



The following reaction mixture was prepared in a. 0.2 ml thin walled PCR tube : 5\xl 
of lOx Klenow (exo*) reaction buffer (500 mM Tris-HCl pH 7.5, lOOmM MgCl 2 , 10 
mM DTT, 0.5 xng/ml BSA [Amersham]), 2>il of lOrriM dNTP's (Phaijnacia), 150 
pinoles each of primers EDA Ml and M2, approximately 120 finoles of 129 bp 
template, and ultrapure water to a final volume of 50jil. Samples were mixed and 
incubated at 96°C for 3 minutes to denature and then allowed to cool to 37°C for 1 
minute before addition of 20 units of Klenow (exo") polymerase. Incubaticm. was 
allowed to proceed at 37°C for 2 minutes before addition of the following mixture : 
5^1 of lOx Klenow (exo") reaction buffer, 120 pmoles each, of primers EDA Dl and 
D2, 15 units of T7 gene 6 exonuclease, and ultrapure water to a final reaction volume 
of 50yd. 16jal aliqouts were taken at the following intervals *0 time', ' 60, 90, 120, 
150, and 180 minutes. These were mixed with an appropriate dilution of loading dye 
and stored at 4°C until ready for visualisation by electrophoresis on a 3% agarose gel 
containing ethidium bromide to a final concentration of 0.3^ig/ml. 

The results are shown in Fig. 6 in which lanes 2-7 respectively illustrate the 
results at "O time", 60, 90, 120, 150 and 180 minutes. Once again, the formation of 
amplified product is clearly shown. 
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CLAIMS 



1 . A method of amplifying complementary first and second nucleic acid 

sequences each of which has a binding region at its 3' end, the 
method comprising treating the separated single stranded sequences 
with 

(a) first and second primers each capable of hybridising to the 3'- 
binding regions of the first and second strands respectively and each including 
remote from its 5'-end a digestion resistant region which, with the primer 
hybridized to the complementary 3"-binding region, allows only partial 
digestion of the primer by the enzyme (d) having 5'-double strand specific 
exonuclease activity, 

(b) third and fourth primers each having a degree of sequence 
homology with the partially digestible regions of the first and second primers 
respectively whereby the third and fourth primers are capable of hybridising to 
the 3'-binding regions of the first and second strands respectively, 

( c ) an enzyme having strand displacing polymerase activity, 

(d) an enzyme having 5' double stranded specific exonuclease 
activity, said enzyme (d) possibly being provided by enzyme (c) in the case 
where the latter also has the required exonuclease activity, and 

( e ) the four nucleotides, 
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under conditions permitting hybridisation, exonuclease digestion and strand 
displacement polymerisation thereby producing an amplified amount of the 
first and second strands. 

2. A method as claimed in claim 1 wherein the double stranded nucleic 
acid molecule is generated in situ from a single stranded nucleic acid 
molecule. 

3. A method as claimed in claim 1 or 2 wherein the digestion resistant 
region are provided by modified nucleotides or ribonucleotides. 

4. A method as claimed in claim 3 wherein the modified nucleotides 
provide phosphorothiate linkages which provide, the resistance to 
digestion by the exonuclease. 

5. A method as claimed in any one of claims 1 to 4 wherein the first and 
second primers each comprise 30 to 60 bases. 

6. A method as claimed in claim 5 wherein the digestion resistant region 
is provided 15 to 25 bases from the 5' end of the first and second 
primers. 

7. A method as claimed in any one of claims 1 to 6 wherein the third 
primer is of a sequence corresponding to at least a portion of the 
sequence in the first primer on the 5' side of the digestion resistant 
region of that primer. 



8. A method as claimed in any one of claims 1 to 7 wherein the fourth 
primer is of a sequence corresponding to at least a portion of the 
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sequence in the second primer on the 5' side of the digestion resitant 
region of that primer. 

A method as claimed in any one of claims 1 to 8 wherein the third and 
fourth primers comprise 12 to 30 bases. 

A method as claimed in any one of claims 1 to 9 wherein the 5 double 
strand specific exonuclease is T7 Gene 6 exonuclease. 

A method as claimed in any one of claims 1 to 10 wherein the strand 
displacing DNA polymerase is at least one of, 9°N polymerase, 
Klenow (exo") polymerase, Bst polymerase, Vent (exo") polymerase, or 
Deep Vent (exo") polymeras or Bca (exo^ polymerase. 

A method as claimed in any one of claims 1 to 1 1 wherein the steps of 
exonuclease digestion and strand displacing polymerisation are 
effectively separated by performing the two reactions separately by 
removal of enzyme between steps, or, under conditions which favour 
the action of one or other enzyme. 

-A method as claimed in any one of claim 1 to 12 effected isothermally. . 

A method as claimed in anyone of claims 1 to 13 wherein the 
digestible regions .of the first and second primers are of identical 
sequence and the third and fourth primers are identical to. these 

sequences. 

A method as claimed in anyone of claims 1 to 14 wherein the s'-ends 
of the first, second, third and fourth primers have a partial degree of 
resistance to digestion. 
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16. A method as claimed in any one of claims 1 to 15 wherein the 
amplification occurs in the presence of further primers specific to other 
target sequences (multiplex amplification) or to all or some of the same 
target sequence (nested amplification). 

17. A method as claimed in any one of claims 1 to 16 wherein at least a* 
portion of at least one of the nucleotides provided as (e) of claim 1 
is/are a modified nucleotide which may be incorporated in a growing 
nucleic acid chain and which is resistant to digestion by the 
exonuclease. 

18. A method as claimed in any one of claims 1 to 17 wherein the nucleic 
acid is DNA. 

19. A method of amplifying complementary first and second nucleic tvcid 
sequences each of which has a binding region- at its 3' end, the 
method comprising the steps of 

(i) forming a reaction mixture comprised of the separated single strands 
together with 

(a) first and second primers each capable of hybridising to the 3'- 
binding regions of the first and second strands respectively and each 
including remote from its 5-end a digestion resistant region which, 
with the primer hybridised to the complementary 3 -binding region, 
allows only partial digestion of the primer by the enzyme (d) having 5 f - 
double strand specific exonuclease activity, 
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(b) third and fourth primers each having a degree of sequence 
homology with the particularly digestible regions of the first and 
second primers respectively whereby the third and fourth primers are 
capable of hybridising, to the 3-binding regions of the first and second 
strands respectively, 

(c) an enzyme having strand displacing polymerase activity, 

(d) an enzyme having 5* double stranded specific exonuclease 
activity, said enzyme .(d) possibly being provided by enzyme (c) in the 
case where the latter also has the required exonuclease activity, and 

(e) the four nucleotides. 

(ii) effecting a reaction under conditions pernntting 

hybridisation, exonuclease digestion and strand displacement 
polymerisation thereby producing an amplified amount of the first and 
second strands. 

20. A method of amplifying complementary first and second nucleic acid 

- sequences each of which has a binding region at its 3' end, the 
method comprising treating the separated single .stranded sequences 
with 

(a) first and second primers each capable of hybridising to the 3'-bindmg 
regions of the first and second strands respectively and each including 
remote from its 5'-end a digestion resistant region which, with the 
primer hybridised to a complementary, allows only partial digestion of 
the primer by the enzyme (d) having 5'-double strand specific 
exonuclease activity, 
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third and fourth primers each having a degree of sequence homology 
with the particularly digestible regions of the first and second primers 
respectively whereby the third and fourth primers are capable of 
hybridising to the 3 '-binding regions of the first and second strands 
respectively, 

an enzyme having strand displacing polymerase activity, 

an enzyme having 5' double stranded specific exonuclease activity, said 
enzyme (d) possibly being provided by enzyme (c) in the case where 
the latter also has the required exonuclease activity, and 

four nucleotides, at least a portion of at least one of which , is a 
modified nucleotide which may be incorporated in a growing nucleic 
acid chain and which is resistant to digestion by the exonuclease. 

under conditions permitting hybridisation, exonuclease digestion and 
strand displacement polymerisation thereby producing an amplified 
amount of the first and second strands. 



25-03-98 10:25 
25 MAR *'98 10:30 



P. 31 R-164 Job-886 

Pi 31/40 



Figur e^. 

s , A 8 X P> C ' 3' 

3' A' B' ^ I DC 5 * 



Figure^. 



B CD 

v y Long Primers 



C Short Primers 



Figure 3. 



D 



B 

^ 



A* B* 



. j Extension 

b d* e 



A* B' DC 

D' O 



A B v 



A* B' w 

1 Exonuclease Digestion 



THIS PAGE BLANK (uspto) 



25-03-98 10:25 P. 32 R-164 Job-886 

25 MAR "98 10:30 P. 32/40 



A B 



A 1 B' 



A B 



B 

v 





B' O 

B D f 

X — 



Long Primer Hybridisation. 



D 



B D* C 

V * 



C 



Extension 



— : — ^ 

A' B' D 

B D' C 

\ . 



D C 



f. 1 Exo nuclease Digestion. 



A' B" D 

B O* • C 

S — 



D 



A B 



Short Primer Hybridisation. 



THIS PAGE BLANK flJSFio) 



25-03-98 10:25 p. 33 R-164 Job-886 

25 MAR- '98 10:31 P. 33/40 



h. I Strand Displacing Polymerisation- 



B 



B' D 

B D' C 



Exonuclease Digestion and 
Long Primer Binding 



D 



As in 3. d. ■ 

A* B' D 



As in 3.d. 



A B 



B* 




Extension and Exo nuclease 
Digestion. 



THIS PAGE BLANK (uspto) 



4- 



25-03-98 10:25 

25 MftR -'98. 1,0:31 



P. 34 R-164 



Job-886 

P. 34/40 



B 



8 \ 



B' 



B 



As in 3.i. 



A P N 



A B x 

As in 3.L 



Sh rt Primer Hybridisation. 



^ 

A' B' D 



"X 

D C 



Strand Displacing Polymerisation. 



A* B' . O 

B P' O 



Exonuclease Digestion and 
Long Primer Binding 



A* B' D 



B v . 



D 



B' D 



THIS PAGE BLANK <uspto) 



25-03-98 10:25 
25 MAR" '98 10:31 



As in 3.j. 



B 



A. 



As in 3.j. 



B 



A" B* 



P. 35 



R-164 Job-886 



P. 35/40 



Extensi n and Exonuclease 
Digest! n. 




THIS PAGE BLAS\SK<uspto) 



25-03-98 10:25 
25 MAR * ' 98 ' 10 = 31 



R-1B4 



Job-886 

P. 36^40 



Figure 4. 



a. 

I 



* 1^ 



A' 



A B v 



A" B' 



A" 

d. 

A B 



^ c 



Extension 

D' C 



A' B' DC 



C, 



Exo nuclease Digestion 



^ 

D 



A' B' 

B D' C 



Long Primer Hybridisation. 



A' B' 



D 



B D* . C* 



THIS PAGE BJLAWtusPTO) 



25-03-98 10:25 P-37 R-164 Job-886 

25 MAR" '98 .10=31 P. 37/40 



Extension 



A B V 



A' B' 



D 



V ■ — 



D 



Exonuclease Digestion. 



B 



— , —— \ . 

A' B f D 



B 

^ 



^ 

B D 



Short Primer Hybridisation. 



A B D' 
X ^ ~ — 





D 



B \ 



D' . C 



\ x — 

B" DC 



Strand Displacing Polymerisation. 



. B 



rV 



THIS PAGE BLANK tusno) 



25-03-98 10:25 
25 MAR- '98 ,10:31 



R-1G4 Job-886 

P. 38/40 



Exonudease Digestion and 
Primer Hybridisation 



NT 



A ' B 
N 



As in 4.g. 



B 



As in 4.g. 



B 



1^ 



Extension and Exonuclease 
Digestion. 



B v 

~> 7 V D 



B N 



A' B* O 



Short Primer Hybridisation- 



\ 

A" B' D 



THIS PAGE BLANK (uspto) 



25-03-98 10:25 P. 39 R-164 Job-886 

25 MAR- '98, JL0:3L P. 39/40 



As in 4.i. 



As in 4.i. 



1 



1. | Strand D! ng Polymerisation. 

B 



A' B' 



6 \ 



B' 



D* 



D 



Exonuclease Digestion and 
Primer Binding 



B ^ p' 



D C 



As in 4.1. - — x 

A' B' D 



BD' C 

\ 

D 



D 



• 



THIS PAGE BLAMK <uspto) 



25-03-98 10:25 p. 40 R-164 Job-886 

25 MAR* '88 ♦10 = 32 P. 40/40 



Figure 5. EDA amplification, time course experiment. 
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Figure 6- EDA amplification, time course experiment. 
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